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Sunday, February 3, 2013 159aThe N-terminal domains of cMyBPC inhibit the activation of the steady state
ATPase myosin by f-actin. However, in the presence of native cardiac thin fil-
aments.the N-terminal domains C1C2 and C0C2 of mouse and human cMyBPC
produce biphasic effects on the steady state ATP hydrolysis of cardiac myosin-
S1. That is, ATPase is activated at low ratios of cMyBPC-N-terminal domain to
thin filament and is inhibited by higher ratios similar to the effects observed
with f-actin. These data suggest that low ratios of cMyBPC N-terminal domains
activate thin filaments in a mechanism similar to that of rigor myosin-S1 but
higher ratios inhibit the ATPase rate by competing with myosin-S1-ADP-Pi
binding to actin and thin filaments. Effects also appear species-dependent since
the C0C1 domains of human cMyBPC produce similar effects as C1C2 and
C0C2 on ATPase in the presence of thin filaments, but mouse C0C1 does
not produce significant activation.Cellular Pathways & Networks
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In the United States, 30 billion dosages of non-steroidal anti-inflammatory
drugs (NSAIDs) are consumed annually to relieve fever, pain, and inflamma-
tion. While NSAIDs are generally considered safe, some including meclofena-
mate sodium (MS) have been reported to increase the risk of cardiovascular
events. Because the impairment of the proteasome, a multi-catalytic complex
that breaks down 60-80% of proteins in the mammalian cell, has been associ-
ated with heart failure, the effects of MS on the proteasome activity were inves-
tigated. MS at 30 micromolar inhibited purified 20S proteasome activity by
40% and 26S proteasome activity in H9c2 rat cardiac cells and mouse heart tis-
sue lysates by 30-40%. MS was also shown to decrease the cell proliferation
rate and muscle differentiation of H9c2 cells. To investigate the mechanism
of action of MS, H9c2 cells were treated with MS and the fluorescent protea-
some inhibitor MV151 that bind to beta 1, beta 2, and beta 5 enzymatic sites
of the proteasome. MS, in a concentration-dependent manner, competed with
MV151, indicating that MS may exert its inhibitory effects by directly binding
to the proteasome’s active sites. At the mRNA level, 100 micromolar MS
increased the expression of genes involved in stress response and antioxidant
metabolism, such as glutathione S-transferase omega. When H9c2 cells were
pre-treated with 3 millimolar tempol, a membrane-permeable radical scaven-
ger, then with 200 micromolar MS for 24hr, tempol recovered the beta 5 26S
proteasome activity by 20-40%. However, tempol and other antioxidants
such as N-acetyl cysteine and L-ascorbic acid (vitamin C) alone inhibited the
proteasome activity by 20-50%. MS does not increase the caspase-3 activity
at 10-30 micromolar concentrations, suggesting that apoptosis is not involved
in the decreased cell viability in MS treated H9c2 cells.
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The Intrinsic Hyperexcitability of SMA Motor Neurons is a Result of
Dysfunctional Spinal Circuitry
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Spinal muscular atrophy (SMA) - the most common genetic cause of death in
infancy - is a motor neuron disease caused by reduced expression of the sur-
vival motor neuron (SMN) protein. It is currently unknown why reduction in
SMN, leads to selective motor deficits and muscle weakness. Using the
SMA-D7 mouse model, we have previously reported that the sensory-motor
circuit is dysfunctional early in the disease and precedes any motor neuron
loss. Motor neurons in the L1 segment, innervating proximal muscles, are
abnormally hyperexcitable and more affected than L5 motor neurons, innervat-
ing distal hindlimbs early after birth. To test whether this hyperexcitability is
either due to synaptic dysfunction or SMN deficiency per se in motor neurons,
we recorded intracellularly from L5 motor neurons at a time (P4) when there
was no significant functional synaptic impairment.
We employed the in vitro intact spinal cord preparation. Whole-cell patch
clamp recordings revealed that the intrinsic properties of SMA L5 motor neu-
rons were not significantly different than wild type (WT) age-matched counter-
parts. The passive membrane property of input resistance was on average
72.7518.1 MU in WT (n=10) and 53.9521.7 MU in SMA (n=5) motor
neurons. Similarly, the time constant was 1.950.5 ms in WT and 2.0 5
0.7 ms in SMA. Furthermore, the active membrane properties of: Rheobase
(WT: 0.750.2 nA; SMA:0.850.2 nA), Vthreshold (WT: 31.653.7 mV;SMA: 33.652.6 mV), action potential amplitude (WT: 72.855.2 mV;
SMA: 73.253.6 mV) and rate of rise (WT: 48.856.2 mV/ms; SMA:
40.2510.0 mV/ms) were not significantly different (t-test).
These results indicate that the intrinsic hyperexcitability of SMA motor neu-
rons stems from dysfunctional spinal circuits and raise the possibility that
SMA may be a disease of motor circuits acting via non-cell autonomous
mechanisms.
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In type 2 diabetes (T2DM), hyperglycemia (HG) and increased sympathetic
drive may alter mitochondria energetic/redox properties, decreasing the organ-
elle’s functionality. These perturbations sustain basal low-cardiac performance
and limited exercise capacity. We have recently reported that improving the re-
dox/energetic balance of T2DM (db/db) murine cardiomyocytes/hearts with
GSH or palmitate (Palm) preserves contractile performance under high-
energy demand imposed by combined HG and b-adrenergic stimulation. To
further understanding the metabolic basis of Palm salutary action, we first ap-
plied metabolomics to Langendorff-perfused T2DMmurine hearts subjected to
energy/redox stress conditions. In the absence of Palm, HG activates polyol
pathways (sorbitol, glycerol, xylitol) triggering flux limitations in glycolytic
and pentose phosphate (PP) pathways. The metabolite profile under Palm
reveals that this fatty acid (FA) reverses the detrimental action of HG by de-
creasing polyol accumulation and increasing flux through PP, glycolytic, and
beta-oxidation pathways, with a concomitant improvement in cardiomyocyte
contraction. To confirm this observation, next we inhibited the polyol or acti-
vated the PP pathways. Preincubating HGþISO-treated myocytes with the
aldose reductase inhibitor Zopolrestat (1mM) improved the adrenergic inotropic
response, in parallel with the re-activation of glycolysis and oxidative phos-
phorylation. These same effects were observed pre-incubating HGþISO chal-
lenged myocytes with the activator of transketolase benfotiamine (50mM).
Present data indicate that in T2DM hearts HG/ISO regimen unveils a status
of mitochondrial dysfunction that favors adverse intracellular redox/energetic
conditions and a metabolic remodeling that implies a glucose shunt to polyol
pathways and an apparent blockade of glycolysis. These changes appear to
be relieved by the exogenous administration of the FA Palm.
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Many cellular networks rely on the regulated transport of their components to
transduce extracellular information into precise intracellular signals. The dy-
namics of these networks is typically described in terms of compartmentalized
chemical reactions. There are many important situations, however, in which the
properties of the compartments change continuously in a way that cannot nat-
urally be described by chemical reactions. Here, we develop an approach based
on transport along a trafficking coordinate to precisely describe these processes
and we apply it explicitly to the TGF-b signal transduction network, which
plays a fundamental role in many diseases and cellular processes. The results
of this newly introduced approach accurately capture the distinct TGF-b signal-
ing dynamics of cells with and without cancerous backgrounds and provide an
avenue to predict the effects of chemical perturbations in a way that closely re-
capitulates the observed cellular behavior.
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Multistability in biological systems is an important concept that is believed to
underlie phenotypic diversity in microorganisms as well as tissue differentia-
tion at the multicellular level. Despite the importance of the subject, under-
standing of this phenomenon derives from a very small group of extensively
studied examples. We are working to identify novel biological networks that
exhibit bistability in nutrient uptake. In particular, we are investigating uptake
160a Sunday, February 3, 2013of short peptides by Saccharomyces cerevisiae. Our experimental characteriza-
tion of this system shows that expression of the short peptide transporter is reg-
ulated by the quality of the nitrogen source and the availability of peptides and
amino acids. The expression pattern is bimodal after induction with pure pep-
tides but not with mixed substrates suggesting that the system operates either as
a bistable or as a graded switch depending on the mode of induction. We also
have developed a mathematical model of the process and correlated our exper-
imental findings with a phase diagram of the domain of bistable short peptide
uptake based on the model.
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Numerous biological processes do not follow deterministic rules, i.e., geneti-
cally identical cells can display different phenotypes even in identical environ-
ments. Such processes involve what is termed cellular decision making,
where individual cells probabilistically make choices that determine their
fate. One view of cellular decision making is that stochastic noise present
in the biomolecular interaction networks responsible for the decisions is
a major factor in their probabilistic nature. Most previous work has been
focused on the intrinsic noise of these networks, but, especially for high
copy-number biomolecules, extrinsic noise is likely much more significant.
Here we present a theoretical study of switching in such networks and show
that extrinsic noise can not only lower (often by multiple orders of magnitude)
the escape time from a stable decision state, but can fundamentally change the
process of escape.
We first develop an analytical theory for studying how a simple self-regulating
gene, which is bistable with hi and low states, is affected by extrinsic noise.
Studying the system near bifurcation, we use Fokker-Planck and WKB theory
along with a novel formulation of the extrinsic noise to predict the deviation in
mean switching time due to the extrinsic noise. We use computational simula-
tions to validate our theory and then to study a more relevant biological system,
namely the lac genetic switch.
The white noise and weak, adiabatic noise regimes are well described by a bar-
rier-crossing model with corrections. In the strong, adiabatic noise regime,
however, extrinsic noise changes the behavior of stochastic switching. A large
contribution to switching in this regime originates from movement of the
dynamical system in parameter space, which changes the number and location
of fixed points. These results have implications for studying natural cellular
processes and for engineering complex genetic programs.
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Biological systems, from food webs to gene networks, are generally large and
governed by nonlinear interactions between their members. This complexity
often confounds any desired external modification to such a network. As an ex-
ample, consider the curing of a genetic disease. One would wish to change the
state of the genetic network, from diseased to healthy, by manipulation of
the key genes in the system. A model of the network is required to determine
the appropriate actions. Unfortunately, the functional form of the interactions,
their parameters, and even the connectivity of genetic networks are not often
known. Extracting such information from systems with hundreds of member
genes and thousands of interactions is not possible. In response to this
difficulty, we’ve developed an effective modeling methodology based on ex-
perimental data rather than inferred biochemical interactions. Here, we demon-
strate the usefulness of this approach on periodic networks by examining the
model’s description of a synthetic circadian gene network.
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The transcription apparatus (TA) detects the time-varying concentrations of
transcriptional activators and initiates mRNA transcripts at appropriate rates.
We propose a dynamic model to describe how the TA can dynamically
orchestrate reliable transcriptional response based on the general configura-
tions of TA. We argue that activators cycle rapidly in and out a relatively
stable clamp-like space between the Mediator complex and the enhancer.As a result, the activators’ concentration can be encoded by a temporal
occupancy rate which modulates the transcription. Furthermore, we build
a stochastic model which reproduces and reconciles several experimental ob-
servations. These indicate that regulated transcription likely shares the same
dynamic principles.
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The densely connected structure of protein-protein interaction (PPI) networks
reflects on the functional need of proteins to participate in different cellular pro-
cesses, either as subunits of larger complexes or on their own. However, PPIs
provide only a coarse view of the protein interactions in an organism. Here we
demonstrate that the more detailed interface interaction network (IIN) greatly
expands this view and provides insight both into underlying functional require-
ments and into general forces shaping the network topology. By using a se-
quence based computational model of interface binding, we find that the
much less connected structure of IINs, in contrast to the dense PPI networks,
arises at least in part from the competition between specific and nonspecific
binding. We show that IINs containing a minimal number of cliques (i.e., fully
connected subgraphs) have high specificity. In contrast, highly connected hubs
are tolerated both in PPI networks and IINs, resulting in long-tailed, power-law
type degree distributions. We test the predictions of our theoretical analysis
against the IIN of clathrin-mediated endocytosis, finding agreement for key
properties, such as the low abundance of clique motifs and higher abundance
of hub motifs. Understanding the challenges posed by certain network motifs
guides the functional interpretation of biological IINs, with unexpected motifs
indicating interesting behavior. With this insight we are able to identify regions
of the IIN where interface binding is under regulatory control or where binding
partners are distinct enough to exhibit sub-optimal but sufficient specificity to
function.
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Adaptation is one of the key functions for living organisms to properly operate
in complex internal and external signalling environments. A series of recent
studies demonstrated that robust adaptation is achievable through 3-node reg-
ulatory networks, such as Negative-Feedback-Loops (NFL) or Incoherent-
Feed-Forward-Loops (IFFL), that are intrinsically dissipative and must con-
sume energy to operate (e.g. to adapt). And the underlying thermodynamics
follows a trade-off relation that adaptation accuracy can be improved expo-
nentially by dissipating more energy within certain adaptation time. In this
work, however, we constructed a tree-like biochemical network that operates
at dynamic equilibrium. We showed that this network is also capable to pro-
vide robust and accurate adaptation. The tree-like network shares certain de-
grees of similarity with the NFL reaction network found in E. coli.
chemotaxis, yet with some distinct topological characteristics. We systemati-
cally analysed this tree-like network’s static (e.g. adaptation accuracy and op-
erating range) and dynamic (e.g. response magnitude and responding/adapting
speed) performances in the model parameter space. Our analyses indicate that
such network can maintain its function in a broad range of backgrounds and
perturbations. And because it is essentially comprised of the operator itself,
this network is more resistant to other intracellular defects (e.g. abnormal ex-
pression levels or ratios of participating enzymes). Therefore, it could act as
a safety net for living organisms to carry out vital physiological functions,
which is in line with the modal gating regulation of Ryanodine receptors
(RyRs) in Cardiac muscle cells that is implemented through this type of adap-
tive network.
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Polarization is a fundamental process required for directed cell migration, cell-
type specification, tissue development and asymmetrical division. The small
GTPase Rap1 is a well-known mediator of both mitogenic and adhesion
responses and has been identified as the primary regulator of neuronal and
T-cell polarization. To determine the role of Rap1 in T-cell polarity we have
